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SPECIFICATION 

A SILICON SINGLE CRYSTAL, A SILICON WAFER, AN 
APPARATUS FOR PRODUCING THE SAME, AND A METHOD FOR 

PRODUCING THE SAME 

Technical Field 

The present invention relates to a silicon 
single -crystal and a silicon wafer which are 
produced by Czochralski Method (hereinafter, 
referred to as CZ method) and have few crystal 
defects and have high quality and high yield, a 
producing apparatus therefor, and a producing 
method therefor. 

•Background Art 

As one conventional method for producing a 
silicon single crystal, there has been widely 
known CZ method which comprises steps of, melting 
a raw material in a crucible, contacting a seed 
crystal on the melt surface, and growing a silicon 
single crystal . 

In a method for growing a silicon single 
crystal by CZ method, polycrys t alline silicon to 
be a raw material is filled in a crucible which is 
provided in a furnace for single crystal growth of 
a producing apparatus and made of graphite outside 
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and made of quartz inside, an inert gas such as Ar 
is filled in the furnace for single crystal growth, 
and then, the raw material is heated to a high 

temperature of 1400 °C or more with a heating 
heater provided around the outside of the crucible 
to be melted- And, the seed crystal is lowered 
from above and the tip end thereof is contacted on 
the heated melted silicon melt. After 
temperatures of the seed crystal and the silicon 
melt become stable, the seed crystal is pulled 
upwardly with being gently rotated, and therewith 
a shoulder and a straight body are formed in order, 
and thereby a silicon single crystal is formed 
below the seed crystal. 

Along with improvement of integration of 
semiconductor integrated circuit devices in recent 
years, requirement for higher quality of a silicon 
single crystal produced by CZ method becomes 
tougher. Along with this, requirement for 
concentration of impurities being contained in 
polycrystalline silicon that is raw material, a 
quartz crucible, and components made of graphite 
constituting the inside of the furnace, becomes 
tougher, and higher purity has been attempted. 
And, for example, an apparatus for producing a 
silicon single crystal by use of high-purity 
components made of graphite has been disclosed 
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(see, for example, Japanese Patent Application Laid- 
open (kokai) No. 6-16495, No. 8-337493, No. 10-7488, 
and No. 2002-68886) . 

Here, one of impurities introduced in the 
single crystal in production of a silicon single 
crystal is copper (Cu) . Cu existing in a silicon 
single crystal and a silicon wafer produced 
therefrom forms Cu precipitates such as Cu 
silicides. It is known that if such a silicon 
wafer is put in a semiconductor device production 
process, Cu existing in the bulk of the wafer 
causes p-n junction leakage and has a bad effect 
on device characteristics (see, for example, 
Journal of The Electrochemical Society, 149 (1) 
G21-G30 (2002) ) . 

On the other hand, particularly in a silicon 
single crystal whose entire region or part is a defect 
region having extremely few defects called as N-region, 
it has recently been a problem that crystal defects 
are observed in a surface of the silicon wafer 
produced therefrom at a frequency at high density. 

Disclosure of the Invention 

Accordingly, the present invention was 
conceived in view of the above problems. An 
object of the present invention is to provide a 
silicon single crystal and a silicon wafer which 
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have extremely few crystal defects and have high 
quality and high yield, a producing apparatus 
therefor, and a producing method therefor. 

In order to accomplish the above object, 
according to the present invention, there is 
provided a silicon single crystal grown by 
Czochralski method, wherein Cu precipitates do not 
exist inside the silicon single crystal. 

In a silicon single crystal in which Cu 
precipitates do not exist inside as described 
above, OSF (Oxidation induced Stacking Fault) 
resulting from the Cu precipitates that have 
conventionally occurred at a frequency in the 
silicon single crystal by thermal oxidation 
treatment become not to occur. And, production 
yield thereof is improved, and it can be a silicon 
single crystal having high production efficiency 
and low cost and high quality. 

In this case, it is preferable that a defect 
region in the silicon single crystal contains Nv 
region outside an OSF ring over the entire region 
in the direction of the crystal growth axis. 

If a defect region in the silicon single 
crystal contains Nv region outside an OSF ring 
over the entire region in the direction of the 
crystal growth axis, the silicon single crystal 
can be one which high-density OSF resulting from 
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Cu precipitates that have conventionally occurred 
selectively in Nv region having extremely few 
crystal defects does not occur in the Nv region. 
And the silicon single crystal can be one of which 
oxygen precipitation amount is large in the Nv 
region part in the thermal oxidation treatment, 
and of which gettering efficiency is high. 

Moreover, it is preferable that a defect 
region in the silicon single crystal is Nv region 
outside an OSF ring over the entire region in the 
direction of the crystal growth axis. 

If a defect region in the silicon single 
crystal is Nv region outside an OSF ring over the 
entire region in the direction of the crystal 
growth axis as described above, the silicon single 
crystal can be one which is N region having 
extremely few crystal defects. Additionally, the 
silicon single crystal can be one which high- 
density OSF resulting from Cu precipitates that 
have conventionally occurred selectively in Nv 
region does not occur in the entire region in the 
direction of the crystal growth axis. And the 
silicon single crystal can be one of which oxygen 
precipitation amount is large over the entire 
region in the thermal oxidation treatment, and of 
which gettering efficiency is high. 

Moreover, it is preferable that Cu 
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concentration in the silicon single crystal is 
less than 1 x 10 12 atoms /cm 3 . 

If Cu concentration in the silicon single 
crystal is less than 1 x 10 12 atoms/cm 3 as 
described above, the crystal can be a silicon 
single crystal in which Cu precipitates do not 
exist certainly inside and therefore OSF resulting 
from the Cu precipitates does not occur. 
Therefore, production yield thereof is improved, 
and it can be a silicon single crystal having high 
production efficiency and low cost and high 
quality. 

Moreover, it is preferable that a diameter of 
the silicon single crystal is 200 mm or more. 

When a diameter of the silicon single crystal 
is 200 mm or more as described above, Cu 
contamination which has been conventionally caused 
by components in the furnace due to increase of 
heat capacity along with enlargement of an 
apparatus for producing a silicon single crystal 
can be prevented. Therefore, production yield 
thereof is improved, and it can be a large- 
diameter silicon single crystal having high 
production efficiency and low cost and high 
quality . 

Moreover, the present invention provides a 
silicon wafer produced from the above-described 
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silicon single crystal, wherein Cu precipitates do 
not exist on a surface of and inside the wafer. 

If a silicon wafer produced from any one of 
the above-described silicon single crystals is one 
in which Cu precipitates do not exist on a surface 
of the wafer and in the bulk inside the wafer as 
described above, it can be a wafer in which OSF 
resulting from Cu precipitates does not occur if 
thermal oxidation treatment is subjected to the 
silicon wafer. Therefore, production yield of the 
wafer is improved, and it can be a wafer having 
high production efficiency and low cost and high 
quality. Moreover, it can be one in which 
dielectric breakdown voltage characteristic of 
oxide film to be formed on the surface thereof is 
high and furthermore generation of p-n junction 
leakage resulting from Cu precipitates in a device 
production process is prevented, and production 
yield of devices can be also high. 

Moreover, the present invention provides a 
silicon wafer produced from the above-described 
silicon single crystal, wherein deformed void 
defect does not exist on a surface of the wafer. 

If a silicon wafer produced from any one of 
the above-described silicon single crystal is one 
in which deformed void defect does not exist on a 
surface of the wafer, deformed void defect which 
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is determined as high-density particle when the 
wafer surface is observed by a particle counter 
and so forth and which causes lowering of 
production yield of the wafer does not exist. 
Therefore, production yield is improved and it can 
be a silicon wafer having high production 
efficiency and low cost and high quality. 
Moreover, oxide dielectric breakdown voltage 
characteristic can be also high and production 
yield of devices can be also high. 

In addition, the term "deformed void defect" 
as mentioned here is void defect having a rod 
shape or a particular shape that extends along a 
[100] direction and along a [110] direction of a 
silicon single crystal. 

In this case, it is preferable that one part 
of a defect region in the silicon wafer is Nv 
region outside an OSF ring. 

If one part of a defect region in the silicon 
wafer is Nv region outside an OSF ring as 
described above, the silicon wafer can be one 
which high-density OSF resulting from Cu 
precipitates that have conventionally occurred 
selectively in Nv region having extremely few 
crystal defects does not occur in the Nv region. 
And the silicon wafer can be one of which oxide 
dielectric breakdown voltage characteristic is 
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high. And the silicon wafer can be one which 
generation of p-n junction leakage can be 
prevented. And also, the silicon wafer can be one 
of which oxygen precipitation amount is large in 
the Nv region part in the thermal oxidation 
treatment, and of which gettering capability is 
high . 

Moreover, it is preferable that a defect 
region in the silicon wafer is Nv region outside 
an OSF ring in the entire plane of the wafer. 

If a defect region in the silicon wafer is Nv 
region outside an OSF ring in the entire plane of 
the wafer as described above, the silicon wafer 
can be one which is N region having extremely few 
crystal defects. And additionally, the silicon 
wafer can be one which high-density OSF resulting 
from Cu precipitates that have conventionally 
occurred selectively in Nv region does not occur 
in the entire region. And the silicon wafer can 
be one of which oxide dielectric breakdown voltage 
characteristic is high. And the silicon wafer can 
be one of which generation of p-n junction leakage 
can be prevented. And also, the silicon wafer can 
be one of which oxygen precipitation amount is 
large over the entire plane in performing the 
thermal oxidation treatment, and of which 
gettering capability is high. 



9 



Moreover, it is preferable that Cu 
concentration in the silicon wafer is less than 1 
x 10 12 atoms/cm 3 . 

If Cu concentration in the silicon wafer is 
less than 1 x 10 12 atoms/cm 3 , the wafer can be a 
silicon wafer in which neither Cu precipitates nor 
deformed void defect certainly exist, OSF 
resulting from Cu precipitates does not occur and 
also particles are not observed. And therefore, 
production yield of the silicon wafer is improved, 
and it can be a silicon wafer having high 
production efficiency and low cost and high 
quality. Moreover, it can be a wafer in which 
oxide dielectric breakdown voltage characteristic 
is high and generation of p-n junction leakage is 
prevented, and production yield of devices can be 
also high. 

Moreover, the present invention provides an 
apparatus for producing a silicon single crystal 
according to Czochralski method, wherein Cu 
concentration in a component made of quartz to be 
used in a part in which a temperature in a furnace 
for single crystal growth is 1000 °C or more is 1 
ppb or less, and Cu concentration in a component 
made of quartz to be used in a part in which a 
temperature in a furnace for single crystal growth 
is less than 1000 °C is 10 ppb or less. 
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If an apparatus for producing a silicon single 
crystal is one in which Cu concentration in a 
component made of quartz to be used in a part in 
which a temperature in a furnace for single 

crystal growth is 1000 °C or more is 1 ppb or less 
and Cu concentration in a component made of quartz 
to be used in a part in which the temperature is 

less than 1000 °C is 10 ppb or less as described 
above, it can be a single crystal -producing 
apparatus where concentration of Cu impurities in 
components made of quartz to be used in the growth 
furnace is regulated to have amount of extent so 
as not to form Cu precipitates in the silicon 
single crystal to be grown in the growth furnace 
according to temperature in the furnace in a part 
in which they are used, and therefore, Cu 
contamination in the single crystal in its growth 
is reduced and formation of Cu precipitates can be 
prevented. Moreover, because components made of 
quartz having unnecessarily high purity are not 
used in a part in which temperature in a furnace 
is low, it can be a producing apparatus having no 
extra high costs. 

In this case, it can be preferable that 
devices and components being exposed in the 
furnace for single crystal growth do not contain 
Cu as a raw material. 
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Things containing Cu as a raw material have 
been conventionally used as parts of devices and 
components which are exposed in the single crystal 
growth furnace, such as a wire reeler, an 
isolation valve, a crucible axis, a driving 
mechanism thereof, and an electrode for a heating 
heater. However, by limiting them to the devices 
and components which do not contain Cu as a raw 
material as described above, the apparatus can be 
a single crystal-producing apparatus by which Cu 
contamination in the single crystal in its growth 
can be reduced more certainly. Here, not to 
contain Cu as a raw material means that material 
in which Cu is used when the devices and 
components are produced is not used, and it is 
natural that an extremely minute Cu elements which 
are inevitably mixed may be contained. 

Moreover, the present invention provides a 
method for producing a silicon single crystal, 
wherein a silicon single crystal is grown by using 
the above-described apparatus for producing a 
silicon single crystal. 

If a silicon single crystal is grown by using 
any one of the above-described apparatuses for 
producing a silicon single crystal as described 
above, Cu contamination in the single crystal 
growth is reduced. Therefore, a silicon single 
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crystal of high quality in which Cu precipitates 
do not exist inside and OSF resulting from the Cu 
precipitates does not occur if thermal oxidation 
treatment is performed can be produced with high 
production yield at low cost. 

In this case, it is preferable that when the 
silicon single crystal is grown, the silicon 
single crystal is grown so that a defect region 
therein contains Nv region outside an OSF ring 
over the entire region in the direction of the 
crystal growth axis. 

If the silicon single crystal is grown so that 
a defect region therein contains Nv region outside 
an OSF ring over the entire region in the 
direction of the crystal growth axis as described 
above, there can be produced a silicon single 
crystal which high-density OSF resulting from Cu 
precipitates that have conventionally occurred 
selectively in Nv region having extremely few 
crystal defects does not occur in a part of the Nv 
region. And there can be produced a silicon 
single crystal of which oxygen precipitation 
amount is large in Nv region in the thermal 
oxidation treatment and of which gettering 
efficiency is high. 

Moreover, it is preferable that when the 
silicon single crystal is grown, the silicon 
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single crystal is grown so that a defect region 
therein is Nv region outside an OSF ring over the 
entire region in the direction of the crystal 
growth axis . 

If the silicon single crystal is grown so that 
a defect region therein is Nv region outside an 
OSF ring over the entire region in the direction 
of the crystal growth axis, there can be produced 
a silicon single crystal which is N region having 
extremely few crystal defects. And there can be 
produced a silicon single crystal which high- 
density OSF resulting from Cu precipitates that 
have conventionally occurred selectively in Nv 
region does not occur in the entire region in the 
direction of the crystal growth axis. And there 
can be produced a silicon single crystal of which 
oxygen precipitation amount is large in the entire 
region in the thermal oxidation treatment and of 
which gettering efficiency is high. 

Moreover, it is preferable that when in- 
furnace components in the furnace for single 
crystal growth are cleaned, the cleaning is 
performed in a room environment in which 
cleanliness is class 1000 or more. 

When in-furnace components which consist of 
high-purity graphite, namely, when hot zone (HZ) 
components are cleaned, if the cleaning is 
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performed in a room environment in which 
cleanliness is class 1000 or more as described 
above, Cu particles in the room are extremely few 
due to its cleanliness of the room environment and 
HZ components are not contaminated with Cu from 
the environment in the cleaning. Thus, there can 
be produced a silicon single crystal in which Cu 
precipitates are not formed inside. 

It is preferable that after the silicon single 
crystal is grown, in-furnace components in the 
furnace for single crystal growth are cleaned in a 
room environment in which cleanliness is class 
1000 or more, and then, a next silicon single 
crystal is grown by using the cleaned in-furnace 
components . 

After the silicon single crystal is grown, if 
HZ components in the furnace for single crystal 
growth are cleaned in a room environment in which 
cleanliness is class 1000 or more in order to 
remove impurities such as silicon oxides to adhere 
to HZ components in the growth and to be the cause 
of degradation of the HZ components made of 
graphite and then a next silicon single crystal is 
grown by using the cleaned HZ components, 
degradation of the HZ components can be prevented, 
and also Cu particles are extremely few due to its 
cleanliness of the room environment, and HZ 
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components are not contaminated with Cu in the 
cleaning. Thus, there can be provided a silicon 
single crystal in which Cu precipitates are not 
formed inside in the next silicon single crystal 
growth. In this case, the upper limitation of 
cleanliness is not limited. However, it is 
desirable that cleanliness is class 100 or less 
because equipment cost becomes higher as 
cleanliness becomes higher. 

Moreover, it is preferable that when the in- 
furnace components are cleaned, cleaning tools and 
jigs which do not contain Cu as a raw material are 
used . 

In particular, silicon single crystal growth 
according to MCZ method has been recently 
performed actively. As jigs to be used in the 
magnetic field environment, non-magnetic things 
containing Cu as a raw material have been 
generally used. Therefore, if cleaning tools and 
jigs which do not contain Cu as a raw material are 
used when HZ components are cleaned, a silicon 
single crystal can be produced with more certainly 
preventing Cu contamination because Cu 
contamination is not caused even if the cleaning 
tools and jigs are in contact with the HZ 
components . 

Moreover, it is preferable that the furnace 
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for single crystal growth is provided in a room 
environment in which cleanliness is class 1000 or 
more . 

If the furnace for single crystal growth is 
provided in a room environment in which 
cleanliness is class 1000 or more as described 
above, Cu particles are extremely few in the room 
due to its cleanliness of the room environment, 
the growth furnace inside is not contaminated with 
Cu even when growth furnace inside is exposed to 
atmosphere in the room in such a time when the 
grown single crystal and HZ components to be 
cleaned are taken out of the growth furnace. 
Therefore, Cu contamination can be prevented more 
certainly, and thereby a silicon single crystal 
can be produced. At this time, the upper 
limitation of cleanliness is not particularly 
limited. However, it is desirable that 
cleanliness is class 100 or less because equipment 
cost becomes higher as the cleanliness becomes 
higher . 

Moreover, it is preferable that after melting 
of a silicon raw material is finished, it is left 
for 3 hours or more on a condition that a heating 
heater is heated with an electric power of 80 % or 
more of the power in the raw material melting and 
flow amount of an inert gas introduced in the 
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furnace for single crystal growth is flow amount 
in the single crystal growth or more. 

After melting of a silicon raw material is 
finished, if it is left for 3 hours or more on a 
condition that a heating heater is heated with an 
electric power of 80 % or more of the power in the 
raw material melting and flow amount of an inert 
gas introduced in the furnace for single crystal 
growth is flow amount in the single crystal growth 
or more as described above, HZ components can be 
cleaned to the extent that Cu precipitates are not 
formed in the single crystal even when HZ 
components are subjected to Cu contamination in 
such a time as cleaning or takeout of HZ, and also, 
Cu removed from HZ components is certainly 
exhausted out of the furnace. Therefore, Cu 
contamination can be prevented more certainly, and 
thereby a silicon single crystal can be produced. 

In this case, the upper limitations with 
respect to the electric power value of the heating 
heater, the flow amount of the inert gas such as 
argon, and the time period of the leaving, are not 
particularly limited. However, degradation of the 
quartz crucible is accelerated if it is heated 
with an electric power higher than the power in 
the raw material melting. Therefore, it is 
desirable that the heating heater is heated with 
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an electric power in the raw material melting or 
less. Because cost is high if the flow amount of 
the gas is too large and the time period of the 
leaving is too long, it is desirable that they are 
flow amount of five times in the single crystal 
growth or less, and a time period of 24 hours or 
less, respectively. 

Moreover, the present invention provides a 
method for producing a silicon single crystal by 
Czochralski method, wherein after melting of a 
silicon raw material is finished, it is left for 3 
hours or more on a condition that a heating heater 
is heated with an electric power of 80 % or more 
of the power in the raw material melting and flow 
amount of an inert gas introduced in the furnace 
for single crystal growth is flow amount in the 
single crystal growth or more, and then, a silicon 
single crystal is grown. 

After melting of a silicon raw material is 
finished, if it is left for 3 hours or more on a 
condition that a heating heater is heated with an 
electric power of 80 % or more of the power in the 
raw material melting and flow amount of an inert 
gas introduced in the furnace for single crystal 
growth is flow amount in the single crystal growth 
or more as described above, HZ components can be 
cleaned to the extent that Cu precipitates are not 
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formed in the single crystal even when HZ 
components are subjected to Cu contamination in 
such a time as cleaning or takeout of HZ. And 
also, Cu removed from the HZ components can be 
certainly exhausted out of the furnace. Therefore, 
if a silicon single crystal is grown thereafter, 
Cu contamination in the single crystal growth is 
reduced. Therefore, a high-quality silicon single 
crystal in which Cu precipitates do not exist 
inside and in which OSF resulting from Cu 
precipitates does not occur even if thermal 
oxidation treatment is performed can be produced 
with high production yield at low cost. 

In this case, the upper limitations with 
respect to the electric power value of the heating 
heater, the flow amount of the inert gas such as 
argon, and the time period of the leaving, are not 
particularly limited. However, also in this case, 
degradation of the quartz crucible is accelerated 
if it is heated with an electric power higher than 
the power in the raw material melting. Therefore, 
it is desirable that the heating heater is heated 
with an electric power in the raw material melting 
or less. Moreover, the flow amount of the gas and 
the time period of the leaving are the same as 
described above. 

Moreover, the present invention provides a 
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method for producing a silicon single crystal by 
Czochralski method, wherein when in-furnace 
components in the furnace for single crystal 
growth are cleaned, the cleaning is performed in a 
room environment in which cleanliness is class 
1000 or more, and a silicon single crystal is 
grown by using the cleaned in-furnace components. 

When HZ components in the furnace for single 
crystal growth are cleaned, if the cleaning is 
performed in a room environment in which 
cleanliness is class 1000 or more, and if a 
silicon single crystal is grown by using the 
cleaned HZ components, Cu particles in the room 
are extremely few because room environment is 
clean, and HZ components are not contaminated with 
Cu from the environment in the cleaning. 
Therefore, Cu contamination in the silicon single 
crystal growth is reduced. Therefore, a high- 
quality silicon single crystal in which Cu 
precipitates do not exist inside and in which OSF 
resulting from Cu precipitates does not occur even 
if thermal oxidation treatment is performed can be 
produced with high production yield at low cost. 
In this case, the upper limitation of cleanliness 
is not particularly limited. However, it is 
desirable that cleanliness is class 100 or less 
because equipment cost becomes higher as the 
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cleanliness becomes higher. 

Moreover, the present invention provides an 
apparatus for producing a silicon single crystal 
according to Czochralski method, wherein devices 
and components being exposed in the furnace for 
single crystal growth do not contain Cu as a raw 
material . 

Things containing Cu as a raw material have 
been conventionally used as parts of devices and 
components which are exposed in the single crystal 
growth furnace, such as a wire reeler, an 
isolation valve, an axis of crucible, a driving 
mechanism thereof, and an electrode for a heating 
heater. However, by limiting them to the devices 
and components which do not contain Cu as a raw 
material as described above, the apparatus can be 
a single crystal-producing apparatus by which Cu 
contamination in the single crystal in its growth 
can be reduced and formation of Cu precipitates 
can be prevented. 

Moreover, the present invention provides an 
apparatus for producing a silicon single crystal 
according to Czochralski method, wherein Cu 
concentration in an observation window made of 
quartz provided in the furnace for single crystal 
growth is 10 ppb or less. 

If Cu concentration in an observation window 
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made of quartz which is provided in the furnace 
for single crystal growth and which is for 
observing a single crystal in its growth is 10 ppb 
or less as described above, the apparatus can be a 
single crys tal -producing apparatus in which Cu 
contamination of a single crystal in its growth 
can be reduced due to an observation window made 
of quartz and formation of Cu precipitates can be 
prevented . 

Moreover, the present invention provides a 
method for producing a silicon single crystal by 
using a combined apparatus of at least two or more 
of the producing apparatus in which Cu 
concentration in a component made of quartz is 
determined, the producing apparatus in which Cu in 
devices and the like to be exposed in the furnace 
is determined, and the producing method in which 
Cu concentration of an observation window made of 
quartz is determined. Furthermore, the present 
invention provides a method for producing a 
silicon single crystal, wherein a silicon single 
crystal is grown by a combined method of the 
method for performing heating with a heating 
heater after melting of raw material and the 
method for cleaning HZ components in a clean 
environment . 

If a silicon single crystal is grown by 
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combining at least two or more from among the 
producing apparatuses or the producing methods by 
considering Cu contamination level or cost and 
effect for preventing Cu contamination, Cu 
contamination in the growth can be reduced more 
effectively and more certainly. And, formation of 
Cu precipitates can be prevented. 

Moreover, the present invention provides a 
silicon wafer produced from a silicon single 
crystal grown by Czochralski method, wherein 
density of deformed void defects on a surface of 
the wafer is 0.01 number/cm 2 or less. 

If a silicon wafer produced from a silicon 
single crystal grown by Czochralski method is one 
in which density of deformed void defects on a 
surface of the wafer is 0.01 number/cm 2 or less, 
the wafer surface is not determined as a particle 
fault when the wafer surface is observed by a 
particle counter or the like, and OSF resulting 
from Cu precipitates having occasionally occurred 
selectively in Nv region does not occur, either. 
Therefore, production yield thereof is improved, 
and it can be a silicon wafer having high 
production efficiency and low cost and high 
quality. Moreover, oxide dielectric breakdown 
voltage characteristic can be high and production 
yield of devices can be also high. 
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With respect to the silicon single crystal 
according to the present invention, Cu 
concentration in the silicon single crystal can be 
less than 1 x 10 12 atoms/cm 3 . Therefore, the 
crystal can be a silicon single crystal in which 
OSF resulting from the Cu precipitates that have 
conventionally occurred at a frequency in the 
silicon single crystal by thermal oxidation 
treatment does not occur. And, production yield 
thereof can be improved and the crystal can be a 
silicon single crystal having high production 
efficiency, low cost, and high quality. 

Moreover, with respect to the silicon wafer 
according to the present invention, it can be one 
in which OSF resulting from Cu precipitates does 
not occur if thermal oxidation treatment is 
subjected to the silicon wafer. Therefore, 
production yield of the wafer is improved, and it 
can be a wafer having high production efficiency 
and low cost and high quality. Moreover, it can 
be one in which dielectric breakdown voltage 
characteristic of oxide film to be formed on the 
surface thereof is high and furthermore generation 
of p-n junction leakage resulting from the Cu 
precipitates in a device production process is 
prevented. Thus, harmful effect of Cu 
precipitates or deformed void defect exerted in 
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device production process can be reduced 
drastically and therefore production yield of 
devices can be also high. 

Moreover, the apparatus for producing a 
silicon single crystal according to the present 
invention can be a single crystal -producing 
apparatus by which Cu contamination in a single 
crystal in its growth can be reduced and formation 
of Cu precipitates can be prevented. 

Furthermore, in accordance with the method for 
producing a silicon single crystal according to 
the present invention, the above-described silicon 
single crystal of high quality can be produced 
with high production yield at low cost. 

Brief Explanation of the Drawings 

Fig. 1 is a view of observing a distribution of 
single crystal defects on a wafer surface by use of a 
laser microscope. 

Fig. 2 is an observation view showing deformed 
void defect on a surface of a wafer observed by use of 
TEM. 

Fig. 3 is an observation view showing a needle- 
like defect (Cu precipitates) in the bulk of a wafer 
which is observed by use of TEM. 

Fig. 4 is a schematic section view showing an 
example of an embodiment of an apparatus for 
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producing a silicon single crystal according to CZ 
method of the present invention. 

Best Mode for Carrying out the Invention 

Hereinafter, the present invention will be 
explained in detail. 

As described above, particularly with respect 
to a silicon single crystal whose entire region or 
part is a defect region having extremely few 
defects called as N-region, it has recently been a 
problem that crystal defects are observed on a 
surface of a silicon wafer produced therefrom at a 
frequency at high density. And, in the case that 
such crystal defects exist at high density, they 
are observed as high-density particles when the 
wafer surface is measured by a particle counter. 
The wafer in which high-density particles exist is 
determined as a particle fault and becomes a 
defective. As a result, degradation of production 
yield has been caused* 

Such crystal defects have almost never been 
conventionally observed. The present inventors 
have investigated the crystal defects and 
therefore found that they have characteristics as 
follows . 

(1) With respect to this crystal defect, 
probability of occurrence in a region near the 
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shoulder of a single crystal was extremely high, 
and frequency of the occurrence was about 20%. 

(2) In evaluation by a particle counter (For 
example, a surface measurement apparatus SPl 
manufactured by KLA-Tencor Co., Ltd.) and a laser 
microscope (For example, MAGICS (name of an 
article) manufactured by Laser Tech Co., Ltd.), 
the above-described crystal defects are observed 
in a ring shape in Nv region (a region which is 
just outside an OSF ring and has a few atomic 
vacancies in N region) part of defect regions and 
have higher density in Nv region nearer to Ni 
region (a region having a few interstitial 
silicones in N region) . Fig. 1 is a view of 
observing a distribution of the single crystal defects 
on a wafer surface by use of the above-described laser 
microscope, and the upper right part shows that the 
peripheral part of the wafer is Ni region and a part 
inside it is Nv region. 

(3) By subjecting the above-described wafer to 
thermal oxidation treatment, OSF can be observed 
at high density in the defect occurrence part in 
Nv region. And, by performing chemical 
preferential etching (Secco etching), projection 
was observed in the defect occurrence part in Nv 
region . 

Next, the present inventors investigated the 
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defects on a wafer surface and in a bulk by TEM 
(Transmission Electron Microscope) for 
ascertaining real identity of this crystal defect. 
As a result, the follows were confirmed. 

(1) On a wafer surface, a rod-like or an odd- 
shaped "deformed void defect" extending along a 
[100] direction and a [110] direction of a silicon 
single crystal was discovered. Moreover, no 
impurities were detected from this "deformed void 
defect". Fig. 2 is a picture showing deformed void 
defect on a surface of a wafer observed by use of TEM. 

(2) And, needle-like defects were observed in the 
bulk of the wafer. Fig. 3 is a picture showing a 
needle-like defect in the bulk observed by use of TEM. 

And, the present inventors detect Cu from this 
needle-like defect. From this, it is presumed 
that this needle-like defect is a Cu precipitate. 

From characteristics of occurrence of the 
above-described crystal defects and an observation 
results of the crystal defects, occurrence 
mechanisms of the above-described crystal defects 
can be considered such as follows. 

(1) Cu is taken in a silicon single crystal by 
diffusion from a surface of the single crystal in 
its growth. 

(2) And, Cu precipitates are formed selectively 
in Nv region in which precipitates are easy to be 
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formed energetically. 

(3) If the wafer sliced from the above-described 
single crystal is subjected to thermal oxidation 
treatment in a wafer-processing step, OSF 
resulting from Cu precipitates is formed at high 
density . 

(4) Furthermore, by cleaning a wafer surface in 
particular, Cu precipitates on the surface are 
removed and periphery of the Cu precipitates is 
eroded. Thereby, deformed void defect is formed 
on a surface of a mirror wafer through the removal 
of Cu precipitates and the erosion of the 
periphery of the Cu precipitates. This is 
observed as a particle on a wafer surface at 
density of 0.1-5 numbers/cm 2 (for example, about 
100 - several thousands numbers in a wafer having 
a diameter of 300 mm) . 

From these knowledges, the present inventors 
have thought that if taking of Cu in a single 
crystal in the single crystal growth can be 
prevented, occurrence of the new type crystal 
defect as described above can be prevented and it 
can be a . high-quality silicon single crystal. 

Accordingly, next, studies of the cause that 
Cu is introduced to the single crystal was 
performed . 

In general, in a single crystal growth furnace 
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of an apparatus for producing a silicon single 
crystal, a poly crystalline silicon to be a raw 
material, and a quartz crucible, exist. And, 
components made of graphite, heat shielding 
members made of graphite, and components made of 
quartz, which are HZ components constituting the 
inside of the furnace, exist. Therefore, as a 
contamination source of Cu, raw materials thereof 
and components in the furnace and the growth 
furnace in itself can be thought of. Furthermore, 
from occurrence of the above-described crystal 
defects only in the shoulder of the single crystal, 
and from the occurrence frequency of about 20 % 
and not 100 %, and further, from traditional 
accomplishment of higher purity of the quartz 
crucible and the graphite components whose purity 
directly effects on the crystal quality, the other 
HZ components are focused attention on. And, when 
the relation of exchange time of the HZ components 
and occurrence of the above-described crystal 
defects has been investigated, it has been 
confirmed that the timing of exchange of 
components made of quartz arranged in a part 
having a furnace temperature of the relatively low 

temperature of less than 1000 °C such as an 
observation window made of quartz provided at a 

position being 800 °C or less in the single 
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crystal growth furnace for observing a single 
crystal in its growth, and timing of occurrence of 
the above-described crystal defects, correspond to 
each other at an extremely high probability. And, 
it has been found that Cu concentration in 
components made of quartz such as this observation 
window relates to occurrence of the above- 
described crystal defects. Furthermore, the 
present inventors found that the above-described 
crystal defects occur when Cu concentration in the 
silicon single crystal is 1 x 10 12 atoms/cm 3 or 
more . 

Components made of quartz have low heat 
resistance as compared to components made of 
graphite. Therefore, conventionally, it has 
frequently been used at such a relatively low 

temperature as 1000 °C or less and at a position 
being also away from the single crystal to be 
grown. It has been thought that in the case of 
being used at such a position, the purity also has 
little effect on the crystal quality of the single 
crystal. Therefore, it has not been performed 
that in the use of components made of quartz, 
components limited to things of high purity are 
used. However, from the above-described result, 
it has been found that with respect to components 
made of quartz being used in such a low 
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temperature position, things of high purity are 
required to be used as well as cases of high 
temperature . 

However, components made of quartz are 
expensive. With considering cost of exchange 
thereof, it has been found that if purity of 
components made of quartz is determined according 
to furnace temperature in a part of being used in 
the components made of quartz, Cu contamination 
can be prevented. 

Next, the present inventors investigated 
whether Cu impurities are taken in a silicon 
single crystal due to another cause. 

First, effects of such very extremely small 
amount of Cu impurities have not been 
conventionally studied sufficiently. Therefore, 
things containing Cu as a raw material have been 
conventionally used as parts of devices and 
components which are exposed in single crystal 
growth furnace, such as a wire reeler, an 
isolation valve, an axis of crucible, a driving 
mechanism thereof, and an electrode for a heating 
heater which are not in contact with the raw 
material melt and are limited in temperature 
rising by being cooled down or the like in an 
apparatus for producing a single crystal. 
Therefore, it is thought that if these devices or 
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components do not contain Cu as a raw material, Cu 
contamination of a silicon single crystal can. be 
prevented . 

Moreover, in production of a single crystal 
according to CZ method, the inside of a growth 
furnace is once vacuumized, and then, growth of 
the single crystal is initiated after the 
atmosphere in the furnace is replaced with an 
argon gas. Therefore, it has been thought that 
cleanliness in a room environment in which the 
single crystal-producing apparatus is provided 
does not have large effects on crystal quality of 
the single crystal. However, from a result of 
exposure test that a mirror wafer is left in the 
furnace for single crystal growth, it has been 
found that Cu is detected from the mirror wafer in 
an environment in which cleanliness in a room 
environment where a single crystal-producing 
apparatus is provided is degraded. 

And, there are cases that after production of 
a single crystal is finished, the HZ components 
perform cleaning on a condition of a relatively 
high temperature in the room where the single 
crystal-growing apparatus is provided. It has 
been confirmed that if Cu level in the room is 
high in these cases, the HZ components are 
contaminated with Cu, and if a silicon single 
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crystal is produced by use of the HZ components, 
the above-described crystal defects occurs. 
Furthermore, with respect to a single crystal 
produced according to a single crystal growing- 
apparatus that is provided in a room having high 
Cu level, the similar crystal defects have been 
observed . 

It is general to think that Cu is contained in 
the particle. Therefore, from these results as 
described above, it has been proved that for 
preventing occurrence of such a new type of 
crystal defect as described above, it is necessary 
that cleaning of HZ components and growth of the 
single crystal are performed in a room having a 
low particle level and high cleanliness. 

Furthermore, it is necessary that cleaning 
tools and jigs to be used in the cleaning of HZ 
components have also been paid attention to. It 
has been thought that if cleaning tools and jigs 
which do not contain Cu as a raw material are used, 
thereby the HZ components are not subjected to Cu 
contamination . 

Moreover, the present inventors have studied a 
method for preventing Cu contamination of a 
silicon single crystal even in the case that HZ 
components or the like are contaminated with 
extremely small amount of Cu . As a result, it has 
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been thought that by heating the heating heater to 
heat the HZ components after melting of a silicon 
raw material is finished, the HZ components can be 
cleaned to the extent that Cu precipitates are not 
formed in the single crystal even if the HZ 
components are subjected to Cu contamination. 

As described above, it is proved that with 
respect to factors which have conventionally 
thought to have small effect on crystal defects 
and have not particularly been paid attention to, 
they are also likely to cause Cu contamination 
which is an occurrence cause of new type crystal 
defects which have newly been found out at this 
time. Therefore, for preventing occurrence of the 
above-described crystal defects, it becomes 
important to more reduce the total amount of Cu 
taken in the crystal. Accordingly, the present 
inventors found that by taking measures for 
respective Cu contamination causes having been 
studied as described above, the occurrence of the 
above-described crystal defects can be prevented. 
Thereby, the present invention has been 
accomplished . 

Hereinafter, embodiments according to the 
present invention will be explained by providing 
examples with reference to drawings. However, the 
present invention is not limited to these. Fig. 4 
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is a schematic section view showing an example of 
an embodiment of an apparatus for producing a 
silicon single crystal according to CZ method of 
the present invention. Hereinafter, this apparatus 
for producing a silicon single crystal and a 
method for producing a silicon single crystal by 
use of this will be explained- A silicon single 
crystal-producing apparatus 30 shown in Fig. 4 is 
constituted by a growth furnace main body 1 and an 
upper growth furnace 2. Inside the growth furnace 
main body 1, for holding and protecting a crucible 
5 made of quartz containing a silicon melt 4, a 
crucible 6 made of graphite is arranged outside of 
the crucible 5 made of quartz. 

And, outside the crucible 6 made of graphite, 
a heating heater 7 made of graphite for heating to 
melt polycrystalline silicon to be a raw material 
being contained in the crucible 5 made of quartz 
into a silicon melt 4 is placed. In the growth of 
a silicon single crystal, an electric power is 
provided to the heating heater 7 from an electrode 
7a connected to the heating heater 7, and the 
heating heater 7 generates heat and the 
polycrystalline silicon is melted, and then, the 
temperature of the silicon melt 4 is held to a 
desired value and thereby growth of a silicon 
single crystal 3 can be accomplished. As the 
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electrode 7a being exposed in such a growth 
furnace, things containing Cu as a raw material 
have been conventionally used. However, in the 
present invention, by using a thing that does not 
contain Cu as the electrode 7a, e.g., carbon for a 
part to be exposed in the growth furnace, Cu 
contamination of the silicon single crystal to be 
grown can be prevented. 

Between the heating heater 7 and the furnace 
wall of the growth furnace main body 1, an in- 
furnace heat shielding member 8 made of carbon is 
placed for protecting the furnace wall made of 
metal and protecting effectively the inside of the 
growth furnace main body 1. Furthermore, for the 
purpose of preventing the furnace wall from being 
heated to a high temperature by radiant heat from 
the heating heater 7 in the silicon single crystal 
growth, the furnace wall of the growth furnace 
main body 1 consists of a double structure so that 
a silicon single crystal may be grown with 
performing forced cooling with flowing cooling 
water into a gap of the furnace wall. 

On the other hand, a crucible 6 made of 
graphite provided in about the center of the 
growth furnace main body 1 is supported at the 
bottom thereof by a supporting axis 19 made of 
graphite, and it is capable of vertical movement 
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and rotational movement by a crucible axi s -driving 
mechanism 19a attached in the lower end of the 
crucible-supporting axis 19. Thereby, it is 
possible to hold the melt surface of the silicon 
melt 4 at a fixed position in the single crystal 
growth, or to rotate the crucibles 5 and 6 in a 
desired direction or at a desired speed in the 
single crystal growth. With respect to components 
to be used in the crucible-supporting axis 19 and 
the crucible axis-driving mechanism 19a which are 
exposed in this growth furnace, things which are 
different from conventional ones and which do not 
contain Cu as a raw material are used. Thereby, 
Cu contamination of a silicon single crystal to be 
grown can be prevented. 

Next, in the growth of a silicon single 
crystal 3, it is required to perform crystal 
growth with flowing an inert gas such as an argon 
gas through the growth furnace so that oxides such 
as SiO to vapor from the silicon melt 4 is 
prevented from adhering to the in-furnace wall of 
the growth furnace or in-furnace members such as 
an in-furnace graphite member. Therefore, at the 
bottom of the growth furnace main body 1, a gas 
outlet duct 9 for exhausting the inert gas out of 
the furnace and a pressure control device which is 
not shown in the Figure for controlling pressure 
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inside the growth furnace are provided. In the 
growth of a silicon single crystal, pressure in 
the furnace is adjusted to a desired value by this 
pressure control device. 

On the other hand, at the ceiling part of the 
growth furnace main body 1, an observation window 
21 made of quartz glass for observing inside of 
the furnace. And, for containing and taking out 
the silicon single crystal 3 pulled from the 
silicon melt 4, an upper growth furnace 2 is 
provided continuously through an isolation bulb 22. 
For components of the isolation bulb 22 to be 
exposed in this growth furnace, things which are 
different from conventional ones and which do not 
contain Cu as a raw material are used. And, after 
finishing the single crystal growth, the silicon 
single crystal 3 is made to be standing to cool in 
this upper growth furnace 2 . And, when the crystal 
temperature is lowered to the temperature at which 
the crystal can be taken out, a door which is not 
shown in the upper growth furnace 2 is opened and 
a silicon single crystal 3 is taken out of the 
growth furnace. 

From the ceiling of the growth furnace main 
body 1, a crystal cooling cylinder 13 is arranged 
toward the silicon melt surface so that a single 
crystal 3 pulled from the silicon melt 4 is 
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surrounded thereby. At the end of it, a quartz 
glass component 15 is provided so that a single 
crystal in its growth can be observed from the 
observation window 21 attached at the ceiling of 
the growth furnace main body 1 . 

In the present invention, in relation to the 
observation window 21 made of quartz glass 
attached at the ceiling of the growth furnace main 
body 1, the Cu concentration therein is made to be 
10 ppb or less because an in-furnace temperature 

is less than 1000 °C in a part where it is used. 
And, in relation to a quartz glass component 15 to 
be provided at the end of the crystal cooling 
cylinder 13, the Cu concentration therein is made 
to be 1 ppb or less because an in-furnace 

temperature is 1000 °C or more in a part where it 
is used. Thereby, Cu contamination in the single 
crystal in its growth can be prevented and extra 
high cost can be prevented. Conventionally, as a 
quartz glass component 15 provided in the crystal 
cooling cylinder, things that contain Cu having 10 
ppb or less have been used because it is possible 
to have effect on a crystal quality. However, the 
observation window 21 has been thought not to have 
effect, so one of low purity has been used. With 
respect to this, ones of high-purity are used 
respectively in the present invention. 
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Moreover, in the outer circumferential surface 
of the end of the crystal cooling cylinder 13, a 
heat shielding ring 14 made of graphite for 
keeping the heat in the silicon melt surface by 
reflecting effectively the radiant heat of the 
silicon melt 4 or the heating heater 7 is attached 
(the heat shielding ring 14 may be omitted) . In 
the growth of the silicon single crystal 3, the 
crystal growth rate can be enhanced by depriving 
effectively the radiant heat from the silicon 
single crystal 3 with this crystal cooling 
cylinder 13. Moreover, this crystal cooling 
cylinder 13 has a flow-straightening function for 
the inert gas to flow down to the silicon melt 
surface through the inside of the cooling cylinder 
from the upper growth furnace 2, and also 
functions for exhausting such oxides as to be 
released from the melt surface out of the furnace 
without delay. 

In the present invention, after melting of a 
silicon raw material is finished, it is left for 3 
hours or more on a condition that the heating 
heater 7 is heated with an electric power of at 
least 80 % or more of the power in the raw 
material melting and flow amount of an inert gas 
such as an argon gas is flow amount to be used in 
the crystal growth or more. Thereby, graphite 
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members subjected to Cu contamination and so forth 
are cleaned, and Cu occurring therefrom is 
certainly exhausted out of the furnace. Thus, Cu 
contamination in the single crystal in its growth 
can be prevented. 

Furthermore, on the upper part of the crystal 
cooling cylinder 13, there is provided a forced 
cooling cylinder 11 for exhausting forcibly the 
radiant heat from the crystal out of the furnace 
by flowing a coolant medium from a flow-through 
entrance 12. Thereby, cooling effect is further 
enhanced (the forced cooling cylinder 11 may be 
omitted) . 

Because the cooling effect of the crystal can 
be enhanced as described above, by setting the 
crystal growth conditions such as temperature 
gradient in the crystal and pulling rate thereof 
appropriately, it becomes possible to produce a 
silicon single crystal which contains Nv region 
outside an OSF ring over the entire region in the 
direction of the crystal growth axis, as well as 
to produce a silicon single crystal which is Nv 
region outside an OSF ring over the entire region 
in the direction of the crystal growth axis. 

And, in the upper growth furnace 2, a gas 
inlet duct 10 for introducing an inert gas inside 
the growth furnace is provided, and an inert gas 
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is introduced into the growth furnace through the 
gas inlet duct in time with processes of the 
crystal growth operations. In the growth of the 
silicon single crystal 3, an inert gas introduced 
from the gas inlet duct 10 in this upper growth 
furnace 2 flows down inside the crystal cooling 
cylinder 13 and comes over the silicon melt 
surface and is exhausted from a gas outlet duct 9 
to the out-furnace at the bottom of the growth 
furnace main body 1 . Thereby, evaporant such as 
SiO vaporizing from the silicon melt is removed to 
the out-furnace. 

Moreover, in the upside of the upper growth 
furnace 2, there is provided a wire reeling 
mechanism 20 for winding off or reeling off a 
pulling wire 16 in order to pull the silicon 
single crystal 3 from the silicon melt 4. For 
components of this wire reeling mechanism 20, 
things containing Cu as a raw material have been 
conventionally used. However, it is desirable to 
change them to things that do not contain Cu . And, 
a seed crystal 17 is fixed to a seed crystal 
holder 18 at the end of the pulling wire 16 wound 
off from this wire reeling mechanism 20, and the 
tip end of the seed crystal is brought into 
contact with the surface of the silicon melt 4 and 
it is pulled with rotation. Then, a shoulder and 
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a straight body are formed in order, and thereby a 
silicon single crystal 3 is grown below the seed 
crystal 17 . 

Moreover, as described above, by setting the 
crystal growth condition such as a pulling rate to 
be appropriate, there can be produced a silicon 
single crystal which contains Nv region outside an 
OSF ring over the entire region in the direction 
of the crystal growth axis, or a silicon single 
crystal which is Nv region outside an OSF ring 
over the entire region in the direction of the 
crystal growth axis. 

After the single crystal growth is finished as 
described above, the heating heater 7 is shut off 
and made to be standing to cool to the temperature 
in which the silicon single crystal and the HZ 
components in the growth furnace can be taken out. 
And, when the temperature of the silicon single 
crystal and the HZ components is lowered, the 
silicon single crystal is taken out of a door that 
is not shown in the upper growth furnace 2 as 
described above. Then, the growth furnace main 
body 1 and the upper growth furnace 2 are 
separated off, and HZ components to which oxides 
or the like adhere are taken out of the furnace, 
and cleaning operation for removing the oxides or 
the like is performed. 
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In the present invention, by maintaining the 
cleanliness in the room environment in which the 
silicon single crystal-producing apparatus 30 is 
provided to be high cleanliness of class 1000 or 
more, Cu contamination in the inside of the growth 
furnace and the HZ components can be prevented 
from atmosphere to flow in the growth furnace in 
separating the growth furnace main body 1 and the 
upper growth furnace 2 as described above. 
Moreover, by maintaining the cleanliness in the 
room environment to be high cleanliness of class 
1000 or more in the cleaning of the HZ components, 
Cu contamination in the HZ components can be 
prevented . 

In this case, the cleaning of the HZ 
components may be performed in the room in which 
the silicon single crystal-producing apparatus 30 
is provided. However, it is possible that after 
the HZ components are taken out of the furnace, 
the HZ components is transferred to another room 
in which cleanliness in the room environment is 
class 1000 or more and the cleaning is performed. 
By this way, degradation of the environment of the 
room, in which the single crystal -producing 
apparatus is provided, by scattering of particles 
or the like along with the cleaning operation can 
be prevented. 
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Moreover, in this case, if the HZ components 
are attached or removed or cleaned by using 
cleaning tools and jigs which do not contain Cu as 
a raw material, Cu contamination can be prevented 
due to the cleaning tools and jigs. For example, 
jigs for taking HZ components having high weight 
out of the furnace or for attaching them in the 
furnace and components of the cleaner for removing 
oxides by suction are made to be things which do 
not contain Cu . In particular, members to be used 
in a place being directly in contact with HZ 
components are made to be things which do not 
contain Cu . 

The HZ components cleaned in the room 
environment having high cleanliness are not 
contaminated with Cu as described above. 
Therefore, by growing a next silicon single 
crystal by use of this, Cu contamination due to 
the HZ components in the silicon single crystal 
growth can be prevented. 

The above-mentioned methods, namely, such as 
methods in which (1) as devices or components to 
be exposed in the growth furnace, devices or the 
like that do not contain Cu as a raw material is 
used, or (2) cleanliness of room environment for 
providing the producing apparatus or cleaning the 
HZ components is enhanced, or (3) after melting of 
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the silicon raw material, it is heated with the 
heating heater and left and HZ components or the 
like are cleaned, are effective methods for 
preventing Cu contamination of the silicon single 
crystal even if any one of them is performed 
independently. However, by combining and 
performing these methods, Cu contamination can be 
prevented more certainly. 

A silicon single crystal produced by this way 
can be one in which Cu precipitates do not exist 
inside and particularly Cu concentration can be 
less than 1 x 10 12 atoms/cm 3 and therefore no Cu 
precipitates exist more certainly. In particular, 
by setting the crystal growth condition to be 
appropriate, the crystal can be a silicon single 
crystal which contains Nv region outside an OSF 
ring over the entire region in the direction of 
the crystal growth axis, or a silicon single 
crystal which is Nv region outside an OSF ring 
over the entire region in the direction of the 
crystal growth axis . 

And, the silicon wafer produced by being 
sliced from this silicon single crystal can be not 
to have Cu precipitates inside or on the surface 
thereof and particularly Cu concentration can be 
less than 1 x 10 12 atoms/cm 3 and therefore it can 
be a wafer in which Cu precipitates do not exist 
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more certainly. Furthermore, because Cu 
precipitates do not exist, the wafer can be one in 
which when the wafer surface is cleaned, density 
of deformed void defects on the wafer surface is 
extremely small, 0.01 numbers/cm 2 or less (For 
example, about 10 numbers or less in a wafer 
having a diameter of 300 mm) and particularly void 
defects do not occur. Moreover, the wafer can be 
a silicon wafer in which one part of the wafer is 
Nv region or the entire plane of the wafer is Nv 
region . 

Hereinafter, Examples and Comparative Examples 
of the present invention are exemplified and the 
present invention is more explained specifically. 
However, the present invention is not limited to 
these . 
(Example 1) 

Quartz glass of high purity having Cu 
concentration of about 8 ppb was used as an 
observation window attached at the upside of the 
growth furnace main body. And, 300 kg of silicon 
polycrystal was charged in a quartz crucible 
having a diameter of 32-inch (800 mm) . And, 10 
silicon single crystals having a straight body 
length of 100 cm were pulled. And further, wafers 
were sliced from the straight body by intervals of 
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10 cm as measured from the shoulder of the silicon 
single crystal. And, they were processed to 
mirror wafers and crystal defects on the wafer 
surface were observed. In this case, the pulling 
of the single crystal was performed with 
controlling the production condition so that the 
crystal becomes N region containing Nv region 
outside an OSF ring over the entire region in the 
direction of the crystal growth axis. As a result, 
no deformed void defect was observed on surfaces 
of the every wafers . In this case, Cu 
concentration in the silicon single crystal was 5 
x 10 10 atoms/cm 3 or less. 
(Comparative Example 1) 

The same evaluation as Example 1 was performed 
but quartz glass of purity having Cu impurities of 
about 100 ppb was used as an observation window 
attached at the upside of the growth furnace main 
body. As a result, deformed void defect was 
observed in the Nv region of the wafers sliced 
from the region of 40cm of the straight bodies as 
measured from the shoulder in two single crystals. 
In this case, the density of deformed void defects 
was 1.5 numbers/cm 2 . And, Cu concentration in the 
silicon single crystal in which deformed void 
defect was not observed was 8 x 10 11 atoms/cm 3 or 
less, and Cu concentration in the silicon single 
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crystal in which deformed void defect was observed 
was 5 x 10 12 atoms/cm 3 or more. 
(Example 2) 

HZ components were cleaned under the room 
environment of class 100 and the HZ components 
were used. 300 kg of silicon polycrystal was 
charged in a quartz crucible having a diameter of 
32-inch (800 mm) . And, a silicon single crystal 
having a straight body length of 100 cm was pulled. 
And further, wafers were sliced from the straight 
body by intervals of 10 cm as measured from the 
shoulder of the silicon single crystal. And, they 
were processed to mirror wafers and crystal 
defects on the wafer surface were observed. In 
this case, the pulling of the single crystal was 
performed with controlling the production 
condition so that the crystal becomes N region 
containing Nv region outside an OSF ring over the 
entire region in the direction of the crystal 
growth axis. As a result, no deformed void defect 
was observed on surfaces of the every wafers. In 
this case, Cu concentration in the silicon single 
crystal was 1 x 10 10 atoms/cm 3 . 
(Comparative Example 2) 

The same evaluation as Example 2 was performed 
but HZ components were cleaned in an environment 
that was not in a clean room and the HZ components 
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were used. As a result, deformed void defect was 
observed in the Nv region of the wafer sliced from 
the region of 30 cm of the straight body as 
measured from the shoulder. In this case, the 
density of deformed void defects was 0.3 
numbers/cm 2 . And, Cu concentration in the silicon 
single crystal in which deformed void defect was 
observed was 2 x 10 12 atoms/cm 3 . 
(Example 3) 

HZ components were cleaned in an environment 
that was not in a clean room and the HZ components 
were used. 300 kg of silicon polycrystal was 
charged in a quartz crucible having a diameter of 
32-inch (800 mm) . After melting of the raw 
material was finished, the electric power of the 
heating heater was left for three hours with the 
same electric power as the power in the melting. 
In this case, flow amount of an argon gas was 200 
1/min to be used in the crystal growth, the 
pressure in the furnace was 200 mbar. And, a 
silicon single crystal having a straight body 
length of 100 cm was pulled. And further, wafers 
were sliced from the straight body by intervals of 
10 cm as measured from the shoulder of the silicon 
single crystal. And, they were processed to 
mirror wafers and crystal defects on the wafer 
surface were observed. In this case, the pulling 
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of the single crystal was performed with 
controlling the production condition so that the 
crystal becomes N region containing Nv region 
outside an OSF ring over the entire region in the 
direction of the crystal growth axis. As a result, 
no deformed void defect was observed on surfaces 
of the every wafers . In this case, Cu 
concentration in the silicon single crystal was 1 
x 10 10 atoms/cm 3 . 

In addition, the present invention is not 
limited to the embodiments described above. The 
above-described embodiments are merely examples, 
and those having the substantially same 
constitution as that described in the appended 
claims and providing the similar working effects 
are included in the scope of the present invention. 
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